To determine whether poor nutritional status can predict postoperative delirium in elderly adults undergoing hip fracture surgery. DESIGN: Prospective observational cohort study. SETTING: Italian orthogeriatric unit. PARTICIPANTS: Individuals aged 70 and older (mean age 84.0 AE 6.6, 74.5% female) consecutively admitted for surgical repair of a proximal femur fracture between September 2012 and April 2016 (N = 415). MEASUREMENTS: Participants underwent a comprehensive geriatric assessment including nutritional status, which was evaluated using the Mini Nutritional Assessment Short Form (MNA-SF). The MNA-SF-based three-class stratification was tested using multivariable logistic regression to assess its role in predicting postoperative delirium (outcome). RESULTS: Seventy-eight malnourished individuals (MNA-SF score 0-7), 185 at risk of malnutrition (MNA-SF score 8-11), and 152 who were well nourished (MNA-SF score 12-14) were compared. On average, individuals with poor nutritional status were more disabled and more cognitively impaired than those who were well nourished and those at risk of malnutrition. Moreover, those who were malnourished were more likely to have postoperative delirium. Multivariate regression analysis adjusted for age, sex, comorbidity, functional impairment, preoperative cognitive status, and American Society of Anesthesiologists score showed that those who were at risk of malnutrition (odds ratio (OR) = 2.42, 95% confidence interval (CI) = 1.29-4.53) and those who were overtly malnourished (OR = 2.98, 95% CI = 1.43-6.19) were more likely to develop postoperative delirium. CONCLUSION: This is the first study in a Western population showing that risk of malnutrition and overt malnutrition, as assessed using the MNA-SF, are independent predictors of postoperative delirium. Accordingly, nutritional status should be assessed in individuals with hip fracture before surgery to determine risk of developing delirium.
H
ip fracture is an epidemic problem worldwide, and despite the fact that the incidence has fallen in some Western countries, 1, 2 prevalence is expected to increase in future years because of the aging of the population. 3 Delirium and poor nutritional status are two common findings in individuals with hip fracture. Delirium may occur before both and after a surgical procedure 4, 5 and is often associated with poor clinical, cognitive, and functional outcomes. 5 Similarly, poor nutritional status may be present before and after hip fracture [6] [7] [8] and has been found to be associated with several negative clinical outcomes, such as pressure ulcers, 9 functional dependence, 10 walking impairment, 11 and mortality. 11 Although delirium and poor nutritional status may coexist in an individual experiencing hip fracture, 9, 12 few studies have assessed the effect of their association on clinical outcomes.
This study investigated whether poor nutritional status, as detected using a specific and standardized tool (Mini Nutritional Assessment-Short Form (MNA-SF)), can help identify the development of postoperative delirium in a population of elderly adults with hip fracture. Findings from this study would be clinically relevant because postoperative delirium is partially preventable, and poor nutritional status may be a target condition for intervention or prevention.
METHODS

Study Design and Enrollment Criteria
This prospective observational cohort study was conducted in the Orthogeriatric Unit (OGU) of San Gerardo Hospital, University of Milano-Bicocca (Monza, Italy). All individuals aged 70 and older consecutively admitted to the OGU between September 2012 and April 2016 with a diagnosis of proximal femur fracture (intra-or extracapsular) were considered. Exclusion criteria were a conservative (nonoperative) approach to hip fracture and preoperative delirium.
Study Population
Of 733 individuals hospitalized for hip fracture between September 2012 and April 2016, 134 were excluded because of lack of uniformity in the comprehensive geriatric assessment due to a revision of the OGU protocols and the parallel validation of a different tool for delirium screening, 40 because of missing data, and 144 because of preoperative delirium, leaving a final population of 415 ( Figure 1 ). Baseline characteristics of included and excluded individuals were not substantially different, except that those who were excluded were older (data not shown).
Comprehensive Geriatric Assessment and data Collection
Participants underwent a comprehensive geriatric assessment within 24 hours of admission, including demographic characteristics, years of education, functional and mental status, comorbidities, severity of illnesses, medications, and nutritional status. Perioperative information was gathered on type of fracture (femoral neck, intertrochanteric, subtrochanteric), type of surgery (hemiarthroplasty, internal fixation), type of anesthesia (general, spinal), American Society of Anesthesiologists (ASA) physical status score, 13 and blood transfusions (red blood cell units) received during OGU stay. The ASA physical status score indicates the preoperative fitness of an individual scheduled for surgery [(range 1 (normal healthy individual) to 6 (brain dead)]. The ASA classification system is available at https://www.asahq. org/resources/clinical-information/asa-physical-status-classif ication-sysyem. Days from admission to surgery, length of hospital stay, and in-hospital mortality were also assessed. Delirium was diagnosed using the Confusion Assessment Method (CAM) 14 and confirmed according to Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) criteria. 15 Participants were regularly assessed upon admission to the OGU on weekdays and weekends. Assessors (SZ, AA, VB) were trained physicians and residents, all experts in evaluating and managing individuals with delirium. [16] [17] [18] The delirium assessment protocol was the same during the preoperative and postoperative phases and started with a CAM-based screening systematically administered twice a day-in the morning and in the afternoon. The nursing staff was also trained to ask for a medical evaluation if a change of mental status was suspected. Delirium was confirmed using the DSM-IV-TR criteria and was registered in days (i.e., even a single episode of delirium was considered to be a day of delirium). Functional status was assessed using the Katz activity of daily living (ADL) scale, 19 which evaluates ability to perform six basic functions: feeding, transferring, toileting, dressing, bathing, and continence. One point is assigned if the individual is able to perform the activity independently and 0 if he or she is unable to do so, with total scores ranging from 0 (worst) to 6 (best). The ADL scale was completed based on caregiver or family interview with reference to the participant's functional status 2 weeks before hip fracture. Mood was assessed using the 15-item Geriatric Depression Scale (GDS). 20 Comorbidity was assessed on admission using the Charlson Comorbidity Index (CCI), 21 a weighted index that considers 22 conditions and assigns each a score from 1 to 6 depending on its associated relative risk of mortality. Dementia was registered if a preexisting diagnosis of dementia or any previous reference to "cognitive impairment" from a physician (general practitioner or consultant) was certified in the participant's medical history.
Severity of illnesses was evaluated using the Sequential Organ Failure Assessment (SOFA) 22 on admission, a validated tool that predicted 1-month mortality in a large cohort of hospitalized older adults. 23 The number and types of medications, together with hemoglobin (g/dL) and serum albumin (g/dL) levels on admission, were also recorded. Cognition was evaluated by preoperatively administering the Mini-Mental State Examination (MMSE) 24 once delirium was excluded. The MMSE is a 30-point scale (range 0-30) used to estimate the presence and severity of cognitive impairment by briefly exploring several cognitive domains (orientation, registration and recall, attention and calculation, language, praxis). Scores less than 24 suggest cognitive impairment. Malnutrition was screened for preoperatively on admission using the MNA-SF, 25 a well-known validated tool to detect poor nutritional status that consists of six items: decline in food intake over the past 3 months, weight loss during the last 3 months, mobility, acute disease or psychological stress in the past 3 months, current neuropsychological problems, and body mass index (BMI). BMI was calculated using objectively measured anthropometric data. Calf circumference (according to item F2 of the MNA-SF) was determined using a measuring tape when BMI was not available. Total MNA-SF scores range from 0 to 14, with two cut-offs: a score of 12 or greater denotes normal nutritional status, a score from 8 to 11 denotes risk of malnutrition, and a score of 7 or less denotes overt malnutrition.
Composite MNA-SF scores were collected in an electronic database, and the study population was divided into three groups according to the cut-offs, and their baseline and perioperative characteristics and incidence of postoperative delirium were compared. Finally, the baseline variables that might predict postoperative delirium were analyzed.
Statistical Analysis
Differences between the study groups were compared using the Student's t-test for continuous variables and the chisquare test for categorical variables. Variables that were not normally distributed were compared using the Kruskal-Wallis test for independent samples and described as medians and interquartile ranges (IQRs).
To determine potential predictors of postoperative delirium (outcome), univariate logistic regression analyses were performed to test the associations between the various risk factors and the outcome. Multivariate logistic regression including the variables significantly associated with postoperative delirium at the univariate analyses was then performed. A multicollinearity diagnostic was performed to assess the validity of the regression model by calculating the values of tolerance and the variance inflation factor (1/tolerance). The multivariate logistic regression model was adjusted for age (continuous), sex (dichotomous), and CCI (continuous). An ADL score less than 5 was used to indicate prefracture disability, according to a previous study. 26 Cognitive impairment (MMSE score < 24) and use of psychotropic medications, both categorical variables, were dichotomized (yes/no), and nutritional status was treated as a categorical variable (no malnutrition, at risk of malnutrition, overt malnutrition) according to MNA-SF scores.
All analyses were performed using SPSS version 22.0 (IBM Corp., Armonk, NY). Statistical significance was set at P ≤ .05, and all comparisons were two tailed.
RESULTS
The final cohort included 415 individuals (mean age 84.0 AE 6.6, 74.5% female). Table 1 shows the characteristics of the study population divided into three groups according to MNA-SF score: 152 (36.6%) were well nourished, 185 (44.6%) were at risk of malnutrition, and 78 (18.8%) were overtly malnourished. There were no significant differences in sex distribution between the groups. Malnourished participants and those at risk of malnutrition had a similar mean age, but both groups were significantly older than those who were not malnourished. Participants with overt malnutrition were more disabled (lower ADL score) and more cognitively impaired (lower MMSE score, higher prevalence of dementia) than those who were at risk of malnutrition or well nourished. Although the CCI did not differ significantly between the study groups, participants with overt malnutrition had higher ASA scores and a greater incidence of postoperative delirium. Mean time from admission to surgery and mean length of stay were similar for all the groups. Finally, malnourished participants had higher inhospital mortality than those who were at risk of malnutrition or were well nourished.
The univariate logistic regressions showed a significant association between postoperative delirium and several variables (Table 2) , although when the multivariate logistic regression was performed including all variables that were significantly associated during the univariate analyses, a significant association was found between postoperative delirium and age (continuous), male sex, MMSE score less than 24, history of dementia, and abnormal MNA-SFbased nutritional status (Table 3 ). The CCI was recalculated to avoid redundant information by subtracting 1 point from the total score of all participants with a history of dementia. Risk of malnutrition (odds ratio (OR) = 2.42, P = .006) and overt malnutrition (OR = 2.98, P = .004) were associated with postoperative delirium.
DISCUSSION
This study, performed in a population of elderly adults undergoing surgical repair of hip fracture, found that being at risk of malnutrition or being overtly malnourished, according to the MNA-SF, is independently associated with postoperative delirium. In particular, a dose-effect relationship was found between poor nutritional status and postoperative delirium; individuals identified as being overtly malnourished were 3.0 times as likely as those with normal nutritional status to develop postoperative delirium, and those at risk of becoming malnourished were 2.5 times as likely. To the best of the authors' knowledge, this is the first study to assess the role of being at risk of malnutrition (adopting the three-class stratification of the MNA-SF tool) in predicting postoperative delirium. A Taiwanese study explored the relationship between MNA-SF-assessed nutritional status and postoperative delirium in an Asian population, but that study differed substantially regarding the cohort (younger participants, mostly undergoing elective orthopedic surgery) and the approach (dichotomization of MNA-SF score instead of using three distinct categories). 27 Postoperative delirium is a common complication of hip fracture, with an incidence ranging from 25% to 65%. 5, 28 It is associated with a number of poor clinical outcomes, including greater emotional burden for those with hip fracture 29 and caregivers, 30 worsening of This model includes all variables that were significantly associated with postoperative delirium. The Charlson Comorbidity Index has been adjusted by subtracting 1 point from the total score of participants with a history of dementia (considered separately). The model has been checked for collinearity, which was excluded for all the included variables. Estimates are presented one digit beyond the decimal point.
a
Denotes statistical significance, even though the one-digit approximation does not allow visualization in the reported 95% confidence interval (CI).
cognitive 31 and functional performance, 26, 32 greater rate of discharge to places other than home, 32 and short-and long-term mortality. 17, 33 In addition, the longer the duration of delirium, the higher the risk of death after 6 months post-hip fracture surgery. 16 Delirium may be prevented in 30% to 40% of cases. 34 One such study, performed in individuals undergoing surgery for hip fracture, demonstrated that a comprehensive geriatric approach in the preoperative phase reduced the incidence of delirium by more than one-third and of severe delirium by more than half. 28 Another study of 120 elderly adults with hip fracture found that a nurse-led interdisciplinary intervention program reduced duration and severity of delirium, although it did not affect its incidence. 35 Therefore, because postoperative delirium may be prevented or at least mitigated in elderly adults with hip fracture, identification of its potential predictors could be an important target for clinicians and healthcare operators. Furthermore, by showing that a MNA-SF score of less than 11 independently predicts greater risk of development of postoperative delirium, clinicians may be able to identify individuals who are at risk of negative events and improve their prognostication attitude. 36 These findings expand knowledge about delirium in individuals with hip fracture. The National Institute of Clinical Excellence recommends assessment of nutritional status for delirium prevention, but only a few studies are cited to support this assertion. In a study of 83 elderly adults undergoing elective surgery, nutritional assessment was one of the multicomponent interventions used to reduce postoperative delirium, but only 20% of participants had orthopedic problems, whereas the remaining had gastrointestinal, urological, or miscellaneous problems. 37 Another study 38 was a historically controlled trial during which baseline data were collected for 28 days from one group of participants and from another group during the subsequent 3 months. The investigators did not use standardized tools to detect poor nutritional status but instead evaluated nutritional status by determining whether dentures were fitted properly and whether participants were adequately positioned in front of their meals. Nutritional supplements and temporary nasogastric tubes were used if needed. 38 One previous study adopted a similar nutritional assessment (inspection of correct denture usage and proper positioning at meals). 28 Nutritional interventions were warranted by providing assistance at meals if needed, and feeding individuals who were unable to take food orally through temporary nasogastric tubes. 28 One previous study used the full MNA tool (rather than the short form) to assess nutritional status; it was a randomized controlled trial of 174 individuals with delirium in six general medicine units from acute hospitals that found that only 9.2% of intervention participants and 13.8% of control participants were well nourished, but it did not assess whether poor nutritional status was an independent predictor of delirium. 39 A recent study used the MNA-SF to determine nutritional status in a population of individuals undergoing elective (knee, hip, spinal) and urgent (hip fracture) orthopedic surgery 27 and to assess its potential in predicting postoperative delirium. The authors found that MNA-SF score independently predicted postoperative delirium (OR = 2.85, 95% CI = 1.19-6.87), after adjusting for age, sex, MMSE score, and CCI, although only 17.5% of these individuals were at risk of undernutrition or were overtly undernourished (MNA-SF score ≤ 11), a finding that does not match with the typical features of older adults with hip fracture; 88.8% of study participants underwent elective rather than acute surgery. 27 The current study found a high prevalence of malnutrition among 415 selected individuals because those at risk of malnutrition (n = 185) and those with overt malnutrition (n = 78) together accounted for approximately 63% of the study cohort. This finding is in line with the literature because the prevalence of poor nutritional status may range from 50% to 80%. 9, 35, [39] [40] [41] The idea that poor nutritional status was associated in a dose-effect manner with postoperative delirium is noteworthy and suggests that there may be a continuum between levels of poor nutritional status and risk of developing this acute complication. Accordingly, awareness of the potential benefits of good nutritional status in elderly adults may include reducing the likelihood of developing postoperative delirium or mitigating its severity and duration in case of hospital admission. The finding that cognitive impairment is a predictor of postoperative delirium is in line with previous literature showing that it is a predisposing factor for the development of this acute complication in individuals undergoing surgical intervention. 5, 42 An implication of the current study is that the MNA-SF should be routinely administered to individuals with hip fracture before surgery to determine whether they are at risk of developing postoperative delirium. 43 An advantage of using the MNA-SF is that it is quick and easy to administer. Strengths of this approach are the accurate method of diagnosing delirium, including the CAM algorithm and the DSM-IV-TR criteria; the prospective design aimed specifically at evaluating MNA-SF-based nutritional status to predict postoperative delirium; and the low degree of heterogeneity of the study population, which included elderly adults with hip fracture who were undergoing surgical repair.
Some methodological concerns about this investigation must be discussed in light of the findings. One limitation of the study is that it was performed at a single, urban, academic hospital, and thus the results might not be generalized to other settings. Another potential limitation is that preexisting dementia was reported if any citation in the individual's medical history was found; dementia is frequently underreported in medical notes, and thus it may have been underestimated in the results. The MMSE was administered on admission to every participant as a part of a comprehensive assessment once the presence of delirium was excluded. Despite being performed in individuals who did not have delirium on admission, the beginning of a hospitalization for hip fracture does not represent the ideal time to evaluate cognitive impairment because of the presence of potential confounders such as pain. A further limitation pertains to the MNA-SF itself, which is partially based on information that the individuals or their proxies report, so recall bias cannot be completely excluded. Finally, delirium assessors were not blinded to preoperative MNA status and baseline characteristics.
In conclusion, assessing MNA-SF before surgery may help physicians predict risk of developing postoperative delirium in elderly adults undergoing hip fracture surgery. Because delirium is an emergency medical complication and therefore a potentially life-threatening condition affecting older hospitalized adults, the results of this study will have important implications. First, this work supports the routine use of tools to assess nutritional status to determine their risk of developing delirium. This should prompt the use of nonpharmacological methods of preventing postoperative delirium in high-risk individuals. Second, this evidence could be transferred to the setting of elective surgery to pave the way for interventional trials; nutritional interventions or supplementation strategies could be suitable methods of preventing postoperative delirium or reducing its severity and duration. We extend our sincere appreciation to Dr. Federico Rea, MSc, for his contribution in the statistical review of the final version of this manuscript.
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